Polysiloxanes as side chain polymers containing the 2.2'-bithiophene unit, hexyl and octyl terminal groups and spacer units with 3, 5. 6 and 10 m ethylene groups were prepared and characterized. These polymers have monotropic liquid crystalline phases with transition tem peratures below 0 °C (e. g. for polymer 6p: isotropic -* ■ liquid crystalline transition: -20 °C; liquid crystalline -* ■ solid transition: -43 °C). Polymers with a trimethylene spacer group must contain an octyl terminal group for forming liquid crystalline phase; a hexyl group does not form such a phase.
Introduction
Liquid crystalline side chain polymers with polysiloxane "backbones" have been prepared by several authors [ 1 -1 0 ] . The mesogenic groups are mostly aromatic units and only few papers deal with polysiloxanes bearing heteroarom atic units as mesogenic groups [11] [12] [13] . Polymers with thio phene derivatives as mesogenic groups were also prepared [14, 15 ] . In this paper, we present our studies on polysiloxanes with bithiophene units as mesogenic groups.
Results and Discussion

Synthesis
The polysiloxanes were synthesized according to Scheme 1.
Starting with 2,2'-bithiophene the two 5-acyl-2.2'-bithiophenes la and lb were formed by a Friedel Crafts acylation. Huang Minion reduction yielded the corresponding 5-alkyl-2.2'-bithiophene derivatives 2a and 2b. Friedel Crafts acetylation of 2a and 2b gave the 5'-acetyl-5-alkyl-2.2'-bithiophene compounds 3a and 3b, which were con verted by haloform reaction to the 5-alkyl-2. bithiophene-5'-carboxylic acids 4a and 4b, which were then esterificated by w-unsaturated alcohols (allylalcohol, 4-penten-l-ol, 5-hexen-l-ol, 9-decenl-ol) to the a>-alkenyl 5-alkyl-2.2'-bithiophene-5'-carboxylates 5a to 5h. The polysiloxanes 6a to 6p were prepared by a polyhydrosilylation reaction of poly(hydrogenmethylsiloxane) with the a>-alkenyl 5-alkyl-2.2'-bithiophene-5'-carboxylates 5a to 5h.
The low m olecular weight compounds and the polymers were characterized by JH NM R and IR spectroscopy, the low m olecular weight com pounds were analyzed additionally by mass spectra and elem ental analyses. These data and their interpretation are given in the experimental part.
Phase transitions
In contrast to the compounds la, lb, 2a, 2b, 3a and 3b, the carboxylic acids 4a and 4b, the o>-unsaturated esters 5a to 5h and the polymers 6a to 6p show liquid crystalline phases, mostly nematic, as found by DSC and seen by their textures during microscopic inspection under polarized light (see Tables I and II) .
The dimeric carboxylic acids 4a and 4b have enantiotropic nematic phases.
The monomeric co-unsaturated esters 5a to 5h show differentiated behaviour. The allyl esters 5a and 5e have no liquid crystalline phases. The pentenyl and hexenyl esters 5b, 5c, 5f and 5g show 0932-0776/96/0200-0286 $06.00 © 1996 Verlag der Zeitschrift für Naturforschung. All rights reserved. monotropic liquid crystalline phases of an un known type. Only the decenyl esters 5d and 5h have enantiotropic liquid crystalline phases of an unknown type. In both cases, two different liquid crystalline phases can be seen during the m icro scopic inspection under polarized light. These tex tures are pronounced, but not com parable to the wellknown textures given in literature [16] .
With the exception of the polymers 6a and 6b, the remaining polymers have liquid crystalline phases showing pronounced "sand like" textures. Enantiotropic liquid crystalline behaviour could not be recognized, only m onotropic liquid crystal line behaviour was found. As awaited, all the li quid crystalline phases were in a tem perature range lower than room tem perature. No rem ark able difference was noted for the polysiloxanes containing 10 or 40 Si atoms in average. The same influence of the chain length was discovered by H. Stevens et al. [17] .
From Table II , with the phase transition tem per atures, one can see that the transition tem per atures are lower with an increasing length of the spacer group and the alkyl terminal group. The width of the liquid crystalline phases increases in this order. For example, the lowest transition tem perature for 6o and 6p were found to be -20 °C for the I -► LC transition and -43 °C for the LC -S transition (Fig. 1) . One rem arkable result should be pointed out: the polymers 6a and 6b with the trimethylene spacer and the hexyl terminal group have no liquid Table I crystalline phase, whereas the polymers 6i and 6j with trim ethylene spacer groups, but octyl term i nal groups, have a liquid crystalline phase dem on strating the minimum length of the flexible units in the molecular structure required in order to sta bilize liquid crystalline phases.
Experim ental
The 'H NMR spectra were recorded on a Bruker WH-270 at 270 MHz: the chemical shifts given are relative to tetramethylsilane (TMS). The infrared spectra were determ ined with a PerkinElmer-580 B-spectrometer. Mass spectra were measured on a Varian MAT-112-S. Elem ental analyses were performed with a Perkin-Elmer-Recorder 56. The thermal properties of the low m o lecular weight compounds and the polymers were checked by DSC (Netzsch) using a scanning speed of either 10 °C/min or 20 °C/min for heating and cooling runs. Optical investigations were carried out on a Zeiss polarization microscope (Linkam THM 600 and TMS 90) fitted with a program m able heating stage.
5-H exan oyl-2.2'-bithiophene (la )
126.96 g (1.093 mol) hexanoic acid and 194.99 g (1.639 mol) thionyl chloride were refluxed for 2h. The excess of thionyl chloride was removed and the hexanoyl chloride purified by vacuum distilla tion [18] ; yield: 133.90 g (91%). Analogous to K. E. Miller et al. [19] , 225.70 g (0.866 mol) anhydrous stannic chloride in 300 ml absolute dichloroethane were added dropwise (under stirring and cooling by an ice bath) to 102.03 g (0.758 mol) hexanoyl chloride. While cooling, 120.00 g (0.722 mol) 2.2'-bithiophene in 250 ml absolute dichloroethane were added carefully, bringing the tem perature of the reaction mixture to about 20 °C. TTie mixture was stirred for an additional 12h at room tem per ature in order to complete the reaction. Decom po sition of the reaction mixture was accomplished by the addition of 10% hydrochloric acid. A fter separation, the organic layer was washed with water, with 2% N aO H and water again, then dried over calcium chloride. Removal of the dichloro ethane and unchanged 2. 
5-H exyl-2.2-bith ioph en e (2a)
Once more, analogous to K. E. Miller [19] 83.72 g (0.317 mol) la , 30.44 g (0.950 mol) 99% hydra zine hydrate and 50.66 g (1.267 mol) KOH in 500 ml triethyleneglykol were heated to 190 °C and m aintained for 4h at that tem perature until the water and excess hydrazine hydrate had distilled. A fter cooling, the reaction mixture was extracted twice with diethylether. The combined organic ex tracts were washed with dilute HC1 and water, then dried with calcium chloride. After removing the solvent the residue was purified by vacuum distillation; yield: 40. 
(t, 3H, -C H 3). MS: m /e 278 (C 16H 22S2) M+ (29); 179 (M-C7H 15) (56); 166 (M-C8H 16) (100); 121 (M-CHS) (17).
'-A cetyl--h ex y 1-2.2'-bith iophene (3a)
From 62.13 g (0.239 mol) anhydrous stannic chloride, 13.13 g (0.167 mol) acetyl chloride and 39.89 g (0.159 mol) 2a in 300 ml dichloroethane accord-ing to the method of K. E. Miller et al. [19] 
5-H exyl-2.2'-bith ioph en e-5'-carboxylic acid (4a)
While stirring and cooling with an ice bath, 43.63 g (0.273 mol) bromine were dropped into 36.40 g (0.910 mol) N aO H in 300 ml water. The solution was cooled to 0 °C and 26.50 g (0.091 mol) 3a in 250 ml dioxane were added, bringing the tem perature to about 10 °C. The solution was then stirred for lh. Against the instruction [19] there was no division of the phases bromoform/water, but a brown solid substance was precipitated, which was stirred in HC1 for 48h. A t last it could be solved in diethylether. The organic layer was washed with water and dried with calcium chloride. The product was recrystallized from hexane; yield: 0.014 mol 5-Alkyl-2.2'-bithiophene-5'-carbonic acid (4a, 4b) and 0.168 mol thionyl chloride were refluxed for 4h until no more gas was developed. Then the excess of thionyl chloride was removed by vacuum distillation [18] . The esterification was perform ed, while heating a mixture of 0.014 mol carbonoyl chloride in 100ml absolute dichloromethane and 0.014 mol allyl alcohol or 4-penten-l-ol or 5-hexen-l-ol or 9-decen-l-ol in 70 ml absolute pyridine to 40 °C for 10 min. Then the reaction m ixture was stirred for additional 12h at room tem perature [21] , A t last the solution was poured onto ice and 30ml HC1 were added. A fter extrac tion with dichloromethane the product was washed with water and a solution of 2 % NaOH. The product was purified by column chrom atogra phy [neutral Al2Ö 3-Merck, dichloromethane/ethyl acetate (3:1)]. According to G. Nestor et al. [22] a mixture of 0.16 g (0.21 mmol) poly(hydrogenmethylsiloxane) (x = ca. 10; Baysilonoil MH4*) and 2.5 mmol of the appropriate &>-alkenyl 5-alkyl-2.2'-bithiophene-5'-carboxylates 5a-5h respectively 0.13 g (0.05 mmol) poly(hydrogenmethylsiloxane) (x = ca. 40; Baysilonoil MH15*) and 2.5 mmol of the compounds 5a to 5h in 9 ml absolute toluene were * We thank Bayer AG, Leverkusen, for the Baysilonoils MH4 and MH15.
heated up to 80 °C under stirring in a dry nitrogen atm osphere. 0.1 mol of a 2% (wt/v) ethanolic H 2PtCl6-solution was added, and the mixture was heated to 80 °C for one more hour. Then it was refluxed for 30h. The solvent was evaporated and the residue was dissolved in dichloromethane. The product was precipitated with cold ethanol and isolated by centrifugation until it was free from a>-alkenyl carboxylates analogous to G. Nestor et al. [22] by DC (C H 2C12 eluent, silica gel). The poly mers were dissolved in dichloromethane and fil tered to remove any particulate impurities. The solvent was evaporated and the polymers dried in vacuum at 40 °C; yield: in all cases about 40%; brown coloured oils. Melting and clearing point see Table II . Because of their viscous consistency no elem en tal analyses could be carried out. However, the results of the IR and the X H NM R spectroscopy confirm the structures of the polymers.
No Si-H absorption by 2160 cm -1 was detecta ble at IR spectroscopy. No peak for Si-H by the chemical shift of 4.75 ppm and no peak for the protons of vinylene were found by *H NMR spectroscopy. In the JH NMR spectra of the poly mers additional to the signals of the compounds 5a to 5h one finds the signals for CH3 (directly bound to the Si atom) at 0.1 ppm and CH3 (at the end of the alkyl substituent) at 0.9 ppm, a complex signal for C H 2 (in the alkyl terminal group and in the spacer group) in the expected quantity at 1.1 to 1.8 ppm, and especially the CH2 (directly bound to the Si atom ) at 0.5 ppm and the CH2 (directly bound to the O atom ) at 4. 
